Civil Engineering Construction of Underground Works by Rammer, H
EUROPEAN LABORATORY FOR PARTICLE PHYSICS
LABORATOIRE EUROPEEN POUR LA PHYSIQUE DES PARTICULES
Presented at the 2nd ST Workshop
Chamonix, France, February 2 - 5, 1999
CERN-ST-99-041
February, 1999
CIVIL ENGINEERING CONSTRUCTION OF UNDERGROUND WORKS
H. Rammer
Abstract
For the first time at CERN, new shafts and caverns will be excavated inside a surface
building. The LHC civil engineering construction for the ATLAS experiment has been
designed such that the experimental hall will be completed to the extent that it can provide a
secure, weatherproof and sound insulated covering to the shaft excavation area. The
construction of the two access shafts and the experimental cavern will follow and will be
carried out inside the building. This unconventional method of working allows the excavation
of the Molasse rock in the dry, which is essential for this type of rock, and ensures reduced
environmental pollution by noise and dust. The paper will present the technical infrastructure
required for this particular construction method, explain its advantages and disadvantages,
and compare it with a conventional method of underground excavations to be used on the
same work site for the construction of the service cavern.
21 INTRODUCTION
The civil engineering works for the LHC project are divided into three main packages,
plus one additional package for the injection tunnel TI8. Package 1 consists of all new
underground and surface structures to be constructed on Swiss territory at Point 1. Package 2
consists of all new underground and surface structures to be constructed on French territory at
Point 5. Unlike Packages 1 and 2, Package 3 is geographically spread around the LEP ring
and consists of all underground and surface structures to be constructed that are not located at
either Point 1 or 5.
For the civil engineering construction of Package 1, which constitutes the new works required
for the ATLAS experimental area, different construction methods will be employed for the
underground structures:
• The excavation of the new shafts PX14 and PX16 and the experimental cavern
UX15 from the inside of the new SX1 surface building;
• The excavation of the service cavern USA15 from the existing PX15 shaft.
2 PACKAGE 1 PRINCIPAL WORKS
 The principal works for the LHC project at Point 1 consist of several new surface
buildings and of new shafts, caverns and tunnels underground. The new surface works include
the SX1 experimental hall: an 84 m long and 24 m wide steel building, providing access to
the PX14 and PX16 shafts. Similarly, the new SDX1 building will provide access to the PX15
shaft. Two concrete buildings, SUX1 for cooling and ventilation equipment, and SH1 for
cryogenics equipment, will be built adjacent to SDX1 (see Fig. 1).
 
 
 Figure 1 : General surface works at Point 1.
 
 
3 The underground works for Package 1 consist of the two new shafts PX14 and PX16,
18.0 m and 12.6 m in diameter, respectively, providing access to the new experimental cavern
UX15. This main cavern with internal dimensions of 30 m in width, 35 m in height and 55 m
in length, will be built with its axis parallel to the beam tunnel and will house the ATLAS
detector. Perpendicular to the UX15 cavern, the large service cavern USA15 will be built.
This cavern with a spring line diameter of 20 m and a length of 62 m will be connected to the
PX15 shaft. PX15, an existing unlined shaft from the LEP construction of about 10 m in
diameter, will be strengthened and lined and will provide the main personnel access to the
new underground structures. Various smaller access and service tunnels will be constructed to
link the UX15 and the USA15 caverns (see Fig. 2).
 
 
 Figure 2 : General underground works at Point 1.
3   EXECUTION OF UNDERGROUND WORKS
 The construction of the underground works will generally be carried out five days a
week, 24 hours a day. Rock excavation and installation of primary rock support measures,
such as shotcreting and rock bolting, will be executed in three eight-hour shifts. Concreting of
the shaft linings will be done continuously, seven days a week, with the slipforming
technique. The construction of the concrete linings for the caverns and tunnels will be carried
out with conventional methods in three shifts, five days a week.
 To minimize environmental pollution by noise and dust, the transport of the spoil to the
dumping area, some 1.5 km off the site, has been prohibited during night hours. Therefore
temporary stockpiles for the muck from the nighttime excavations have to be created, with the
spoil then being transported to the dump the following day.
 
 
4 3.1 PX14, PX16, UX15 from the inside of SX1
 Prior to the excavation of the PX14 and PX16 shafts and the UX15 cavern, the SX1 hall
will be constructed. The building will be completed to the extent that it can provide a secure,
weatherproof and sound insulated covering to the shaft excavation area. The SX1
experimental hall will be equipped with two overhead travelling cranes under a separate
contract, with the provision of the crane beams and crane rails being part of the civil
engineering contract. The civil contractor was given the permission to use these rails for his
own purposes. He thus decided to install his own cranes on these rails. Two 30 ton capacity
overhead travelling cranes will be used by the contractor for the hoisting of muck and for the
transportation of material and equipment during the construction of the two shafts and the
cavern.
 Due to the position of the shafts within the building, one temporary stockpile for the
muck can be created to one side of the shafts inside the building, another one will be installed
to the other side of the shafts on the outside. With such an arrangement, the excavation of the
two shafts can be carried out simultaneously without the need of transporting muck of one
shaft over the working area in the other shaft. This represents an important aspect with regard
to safe working conditions on site.
 In addition to the hoisting equipment, also the electrical and the ventilation equipment for the
underground works will be installed inside the surface hall. Thus, not only a weatherproof
covering to the equipment is granted, but also an additional sound insulation is provided for
the noisy ventilating system.
 Further to these aspects, another benefit from having the underground work area inside
the building is that the shaft excavation can be carried out in the dry. This is of particular
importance due to the sensitivity of the Molasse rock to humidity. The Molasse is
sedimentary deposits of sandstones and marls with a range of composite marly sandstones,
sandy marls and lumpy marls. The latter is a particularly sensitive type of marl which, when
exposed to humidity, immediately undergoes a weathering process. However, the
deterioration of the marl can be restricted by protecting it from exposure to air and water with
early shotcreting.
 
 3.2 USA15 from the PX15 shaft
 The underground works for the USA15 cavern will be carried out from the existing
PX15 shaft. Prior to the excavation in USA15, the primary support of PX15 will be repaired
and the shaft will receive a new permanent concrete lining.
 The contractor decided to install a 30 ton capacity gantry crane at the top of the shaft. This
crane will be used for the repair and the concreting works in the shaft itself, and subsequently
for the construction of the USA15 cavern. During that construction phase, all the mucking of
spoil and all the transport of material and equipment will be done with the gantry crane
through the PX15 shaft.
 For this working area, the lifting equipment at the top of the shaft is installed in the open
air. However, rock excavation here will be carried out not in the shaft itself, but only in the
USA15 cavern. These works can thus be considered, similarly to the works for the PX14 and
PX16 shafts and for the UX15 cavern, to be executed in a weatherproof working area. On the
other hand, the surface building to be situated above the shaft, in this case the SDX1 building,
5will only be constructed upon completion of the underground works and after the dismantling
of the temporary contractor’s equipment in and on top of the PX15 shaft.
 
4   CONSTRUCTION PROGRAMME
 The arrangement described above, namely the SX1 hall being constructed prior to the
commencement of the underground works for PX14 and PX16, derives from a constraint of
the overall construction programme. To meet the tight LHC project schedule, as much of the
construction work as possible needs to be completed before the final LEP shutdown.
However, major portions of the works can only be executed thereafter, when all the LEP
equipment have been dismantled and removed from the tunnel. Clearly the UX15 cavern
excavation at beam- tunnel level and below, and all the subsequent concreting works fall into
that category. In contrast, the construction of the shafts can be done before the LEP shutdown.
For the cavern vault, a special arrangement has been designed to even allow the construction
of the final concrete lining prior to the subsequent bulk excavation of the benches.
 Without time constraints, the construction of the SX1 surface building would have been
scheduled after the completion of UX15. However, in order to complete the whole of the civil
engineering works for Package 1 at the earliest possible time, it was decided to schedule the
SX1 construction at the beginning of the works. This construction phasing had been imposed




The LHC civil engineering construction for the ATLAS experimental cavern and the
two access shafts will be carried out from the inside of a new surface building, which will be
constructed prior to the commencement of the underground works. This construction
sequence derives from the overall project schedule requirement, namely to complete as much
of the works as possible before the final LEP shutdown.
Although an unconventional method for the execution of underground works, this
arrangement entails several advantageous side-effects. The building will provide a secure,
weatherproof and sound insulated covering to the shaft excavation area. Accordingly, the rock
excavation will be carried out in the dry, and the environmental pollution by noise and dust
will be reduced significantly.
